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EXECUTIVE SUMMARY

OBJECTIVE

Develop unobtrusive, reliable, and effective techniques for acquiring the knowledge
needed to build the Airstrike Planning Advisor (ASPA) expert system. Provide guidelines and
insights that can be applied to other Navy expert systems in the future.

RESULTS

A set of ideas about how knowledg& at4uisition is most effectively conducted was the
primary result of the literature review and project experience.

RECOMMENDATIONS "'

Tailor methods to conform to two considerations: characteristics of people's ability to
report what they know, and characteristics associated with the knowledge acquirer's ability to
comprehend what is reported.
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INTRODUCTION

PROBLEM

Recent breakthroughs in computer technology have made it possible to develop systems
which perform many of the functions normally done by human experts. These "expert" systems
incorporate a great deal of expert knowledge, and rules for applying that knowledge. Expert
knowledge is scarce, and knowledge acquisition is the bottleneck that most restricts application
of expert system technology. Knowledge engineering--the process of collecting and refining the
knowledge used in these systems--is expensive and time consuming. There are few guidelines for
knowledge acquisition in general, and fewer for doing it in a specifically Navy setting.

OBJECTIVE

The principal objective of the work described in this report was to develop unobtrusive,
reliable, and effective techniques for acquiring the knowledge needed to build the Airstrike
Planning Advisor (ASPA) expert system. This system will develop technologies, methodology,
principles, and standards for the use of expert systems in the Navy. The goal of this demonstra-
tion is to improve the timeliness and effectiveness of airstrike mission planning and decision
making for a carrier wing. The technical issues are structured techniques for knowledge acquisi-
tion, knowledge validation, user-interface design guidelines and design tools, hybrid knowledge
representation, and integrated decision aids. An additional long-term goal is to provide guide-
lines and insights that can be applied to other Navy expert systems.

APPROACH

Artificial intelligence (Al) and behavioral sciences literature was reviewed for problems,
lessons, and recommendations related to knowledge acquisition. A number of knowledge
acquisition techniques were attempted as an initial step toward evaluating their usefulness in
overcoming those problems.

RESULTS

The literature research fell mainly into two categories. One wits a review of the
knowledge acquisition problem based on other artificial intelligence (A[) project experiences.
The other category, psychological and field study literature, gave additional insights into the
knowledge acquisition process. Combined with project experience, the primary result was a set
of ideas about how knowledge acquisition is most effectively conducted. It was concluded that
the most effective route entails tailoring methods to conform to two considerations: charac-
teristics of people's ability to report what they know, and characteristics associated with the
knowledge acquirer's ability to comprehend what is reported.



RESULTS OF THE SURVEY OF ARTIFICIAL-INTELLIGENCE LITERATURE

Very little discussion in AI literature is devoted specifically to knowledge acquisition,
even though it is considered to be the main bottleneck in building expert systems. The survey of
project lessons and issues by Welbank (1983) was a primary reference for this study.

PROBLEMS CITED IN AI LITERATURE

A frequently cited difficulty concerns the way experts express themselves. The problem
is stated strongly by Barstow (1979): "In most domains, the ideas and structures are not known
'a priori' but must be discovered in a morass of knowledge that is available only informally or
subconsciously." Experts may not be aware of all the knowledge they use, nor of their real
problem solving strategies (Buchanan, 1979; Feigenbaum and McCorduck, 1983). Although both
willing and intending to cooperate, they may give very poor descriptions of what they do. Or,
what they have to say is... not as explicit or precise as the knowledge acquirer would like"
(Welbank, 1983).

Another problem cited in Al literature relates to interviewing, the knowledge acquisition
method most often used. Welbank (1983) says there appears to be a risk of the knowledge
acquirer taking over the interview, interrupting the expert and interpreting everything the expert
says. Knowledge acquirers may provoke resentment by rejecting the expert's description of his
reasoning and pressing him to justify' every conclusion (Fox, 1983; Grover, 1983). In addition to
alienating the expert, an overly aggressive interviewer may bias the knowledge by imposing a
structure on it that does not actually correspond to the expert's reasoning. Similarly, an expert
himself may impose an artificial and inaccurate structure on his own knowledge when he
becomes acquainted with Al concepts, such as production rules, and expresses his thinking in
those terms (Clancey, 1981; Smith and Baker, 1983). The resulting distortions lead to an expert
system that has to be overhauled.

RECOMMENDATIONS FROM Al LITERATURE

A primary recommendation in knowledge acquisition is to ask specific questions.
Construction of these questions is a major knowledge acquisition problem, since the knowledge
acquirer does not know exactly what kind of knowledge is being sought (Welhank. 1983).

Supplying contexts for experts has been found to be a positive tactic for helping experts
express what they know. "Experts may not be able to remember conditions, given actions, but
they can remember actions given conditions" (Welbank, 1983). Here again, the difficulty is that
the interviewer must first have sufficient knowledge of the domain to provide the expert with a
context. Experience has shown that experts can criticize someone else's conclusions m~ore
readily than describe their own reasoning. Consequently, it is often possible to get experts to
articulate their own reasoning by encouraging them to criticize the actions or plans of other
experts (Waterman and Jenkins, 1979; Brooks, 1983).



Asking experts to describe a critical incident is another tactic. If the incident is especially
memorable, the expert will be able to report details with a higher degree of accuracy than if he is
asked to answer general questions about the domain. Because experts may not express their
knowledge accurately or thoroughly, verbal accounts should be validated by observing their
actual behavior (Waterman and Jenkins, 1979; Bainbridge, 1981; Fiegenbaum and Mecorduck,
1983).

Some recommendations apply to the knowledge acquirer's preparation and conduct. The
knowledge acquirer should know enough about the field to interpret what is said by the expert
and to maintain credibility with the expert (Buchanan, 1979; Bainbridge, 1981; Hartley, 1982;
Fiegenbaum et al., 1983; Grover, 1983). About a week of domain-related reading is described as 1141
typical. The knowledge acquirer should use the expert's vocabulary when communicating, not
programmer's jargon. Technical jargon compounds opportunities for confused communication
(Buchanan, 1979).

A general rule in the literature is to take a developing system back to the expert for
repeated criticism. This method becomes a tool for knowledge acquisition, since experts are
better at identifying exceptions to rules when they see something done incorrectly. Feedback
from experts help keep programming efforts in tune with expert thinking (Gorry, 1973;
Fiegenbaum and McCorduck, 1983; Fox, 1983).

WHERE TO START

There is a consensus in the Al literature that the first step in knowledge acquisition is
understanding the structure of the domain's problem. There are no guidelines for how to do
this, and what is meant by "understanding the structure" varies. Except for medical diagnosis, m,

where much Al work has been done, classification of the structural elements of different kinds of
domain problems remains to be done. For example, Chandrasekaran (1985) is pursuing the
notion of "generic tasks," the idea that the kind of knowledge and control regime common to
diagnostic reasoning is different from that common to, say, a design problem.

One view suggests that the initial knowledge acquisition effort should be devoted to
assembling the domain's relevant concepts and attributes. Structure is found in the domain's
objects, parts, subparts, and object attributes.

Clancey (1981) recommends first identifying the problem solving process characteristic
of a domain, to produce a model of the reasoning strategy that is used. That model, in turn, will -

give the knowledge acquirer a good understanding of the problem structure and permit specific
questions to be asked.

The rapid-prototyping school recommends building a system as quickly as possible based
on a sample problem solution by an expert. They anticipate that the iritial understanding of the
problem will be deficient but that structure is implicit in the architecture of the prototype.
Knowledge acquisition is conducted during iterative rounds of expert criticism of the system.
The prototype is changed or rebuilt as more knowledge accumulates. Consequently, the first

3
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major knowledge acquisition problem is to find a cooperative "star* expert with sufficient
commitment and time to dedicate to the project (Buchanan, 1979).

A considerably different paint of view is represented by Grover (1983). Maintaining that
methods which closet the experts with the knowledge acquirer for months are not workable in
the business world, he recommends that the first stage in knowledge acquisition should aim to
produce a handbook containing the following: a general problem description; a bibliography of
reference documents; a glossary of terms; a list of experts in the field; some reasonable
performance metrics; and descriptions of typical reasoning scenarios.

Mittal and Dym (1985) argue that the first concern of a knowledge acquisition effort
should be to conduct the preliminary research to ensure that the prospective system will be
useful and used. Recommendations are made for accomplishing this. Multiple experts should
be consulted for their conception of the domain problem, and specific attention should be given
to identifying actual problems with which the expert community would like help. In order to take
into account subdomain interdependences, an understanding of the whole problem should be
achieved before a problem subdomain is selected. Attention should be given to ensuring experts
really are experts. Consulting only one expert may produce a biased view of the problem
because of his specialization. In contrast, observing how different experts solve a problem may
highlight common essentials in their approaches.

A recent point of view maintains that a thorough analysis of the problem should be
completed before system architectural decisions and implementation efforts proceed (deGreef
and Breuker, 1985). The first knowledge acquisition step should be"... an analysis of the
functions, the environment, and the users of the expertise, to arrive at the definition of the
operational characteristics of the prospective system." Analyses of static domain knowledge, and
then of the expertise in action, should follow. Experts evaluate the conceptual structure of a
task, expressed in concept hierarchies. The focus is on the problem solving process, not system
performance. A conceptual structure is considered easier to change than a prototype, and less
obscure to an expert.

Various schools of thought maintain that there are different places from which the initial
knowledge acquisition effort should start. Precisely how to capture the knowledge is not
explained in detail. Nearly all of the perspectives begin with an expert, from whom the problem
structure or definition is elicited. Hence, the common theme in the Al literature is the difficulty
associated with eliciting that knowledge.

4
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PSYCHOLOGICAL AND FIELD-STUDY LITERATURE

Experience with the ASPA project suggested that the knowledge acquisition bottleneck
was not a single problem, but was, in fact, a result of two separate problems. One problem was
the people's ability to report what they know or do, and the other problem was the knowledge
acquirer's ability to comprehend what was reported or demonstrated.

CHARACTERISTICS OF PEOPLE'S ABILITY TO REPORT

Ericcson and Simons' (1980, 1984) model of human cognition and verbal reports provides
insight into why people have difficulty reporting what they know. According to their model,
those people who best qualify for the title "expert," because of their problem-solving short cuts,
are also the ones most likely to have difficulty accurately reporting what they do. The short cuts,
because of their utility in confining a computer's search space, are precisely the things a knowl-
edge acquirer would like to capture. However, because of their routine nature, they may have
slipped out of the expert's awareness.

Automatic Responses. According to many psychologists, routine actions or procedures
quickly become automatic, bypassing conscious awareness. The kinds of procedures that move

* out of aware, cognitive control to automatic status include perceptual encoding (recognition),
memory retrieval, and motor processes (e.g., riding a bike). The procedural knowledge is
embedded in long-term memory, but it is difficult to access something that has not been explicitly
memorized. A classic demonstration of this point involves asking people to report the number of

windows where they live. A pause normally ensues while they envision the place, and then count
the windows. Similarly, few people can reproduce the designs on common coins when asked,
despite the number of times they have seen them.

The primary knowledge acquisition-related insight from literature on automatic
responses is that people generally find it difficult to think in a vacuum, regardless of what they
know. Retrieving information from long-term memory, which is anything that is not immediately
engaging one's attention, is a painstaking activity. Consequently, as often observed during
laboratory experimentation, simply asking someone to recount the steps they take in the course
of their work will usually result in a gloss--an educated conjecture about what must be done. It is
easier to reason than to remember. The well meaning answers resulting from simple, direct

* questions may not be sufficiently accurate or precise for a computer database.

digProtocols. More accurate reporting can be obtained when it accompanies the actual
digof a task, at least if the reporter is properly instructed. Overly general questioning is an

invitation to theorize rather than to report. Ericcson and Simon (1984) maintain that people are
more capable of accurately describing the contents of their attention during or shortly after
doing a task, although some people are better at it than others, and a heavy cognitive load may
result in some information not being reported. The task itself provides cues, exercising the
retrieval of inforr- -,)n from long-term memory.

5



Recognition. Recognition is the basis of the easiest and most accurate reporting. We all
do best on objective tests where possible answers are presented for our selection. If the material
is familiar, such as a dollar bill, recognition is instantaneous. There is no laboring to retrieve
information from long-term memory, because long-term memory is automatically triggered.

THE KNOWLEDGE ACQUIRER'S ABILITY TO COMPREHEND

It is difficult for the knowledge acquirer to achieve the competence required to elicit, and
meaningfully interpret, the knowledge that experts convey. It is a chicken and egg dilemma. The
obvious solutions--directly observing experts' problem solving activity or asking direct questions--
beg the question. Seeing a process does not tell you what someone is thinking. The experts may
be incapable of articulating their reasoning without considerable probing by an informed
inquirer (Ericcson and Simon, 1984). Similarly, specific questions are best suited to acquiring
accurate knowledge from an expert, by providing memory cues and minimizing the expert's
chance to misunderstand the question. But a specific question assumes that the questioner
knows a considerable amount. It also drastically restricts the range of possible answers
(Flammer, 1981).

Levels of Questioning. There is some experimental evidence that there is a structure to
comprehension, a hierarchical organization of knowledge, that influences the kind of questions a
questioner will normally pose to achieve understanding (Flammer, 198 1; Flammer et A., 198 1;
Flamnmer et al., 1984). There is also some evidence that both the number and quality of naturally
occurring questions are related to what one already knows. Both points suggest where, from the
knowledge acquirer's point of view, it is most efficient to start knowledge acquisition.

An earlier model for understanding stories was a good example of the hierarchical
structure of knowledge. The vocabulary, the lowest level in the hierarchy, was followed by
sentences, topic, author's message, and the context of the author's message. Experiments
conducted in conjunction with this theory found that increased disturbance of a text, correlated
with increased macrolevel questions, oriented toward understanding the gist of the whole text.
The unanticipated finding was that microlevel questions, oriented toward understanding
vocabulary, decreased with disturbances of the text. It is as though the subject has only so much
attention to devote, and concentration on overall meaning preempted attention to more finely
grained knowledge gaps. It appeared that "different levels of knowledge hierarchy also deter-
mine the priority of respective (knowledge) 'holes'" (Flammer, 1981).

Another study examined the quality and quantity of questions that were asked during the
learning of new material. An easy, introductory manual with examples, and a more difficult,
abstractly framed text were used in the experiments. One set of students had a fairly advanced
background in the topic while the students in the other set were complete novices. The study
found that the ability to ask questions was associated with how the groups' prior knowledge
matched the material they were given. Advanced students formulated more questions and
hypotheses when given the more difficult text; novice students did the same with the easier text.
Conversely, when their level of knowledge was not matched to the text, both sets of students
were less capable of formulating questions at all (Miyake and Norman, 1979). One can know too

6
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much to have questions occur. More importantly, one can know too little to know where to
begin to make sense of material.

Lacking both vocabulary and a basic understanding of fundamental concepts compounds
problems of comprehension, especially in terms of retaining what is heard. Many of the basic
concepts are in the spoken vocabulary. Clarification questions tend not to be asked, because
attention is devoted to following what's going on (Flammer et al., 1984) and questions that are I

asked can be annoyng or distracting to the speaker. Sharing English as a language may create
the impression that real communication has taken place, because familiar rules of i'ntax govern
the verbal report. But the momentary enlightenment that accompanies active list !ning without
sufficient background is soon extinguished. "Although thoughts without Aords ar : possihle, such
thoughts are elusive and easy to forget" (Sowa, 1984).

When starting knowledge acquisition, the knowledge acquirer often will be ignorant of
the esoteric language, objects, relevant concepts, and relations which distinguish a domain as an
expert field. Hence, although the ultimate goal of knowledge acquisition is to elicit the expert's
"rules of thumb," practices and thinking, that kind of knowledge may not be very useful to the
knowledge acquirer in the early stages.

From the point of view of the knowledge acquirer, someone who is not so accomplished
may be a better original source. Although introductory textbooks may present a naive version of
how problems are really thought about and solved by experts in a domain, it is a version on which
a better understanding can be built. "To ask about a concept, the subject must know what is
missing and what is necessary for further understanding" (Miyake and Norman, 1979).

KNOWLEDGE ACQUISITION IN A NAVY OPERATIONAL SETTING

A major goal of the ASPA knowledge acquisition effort is to develop knowledge
acquisition methods tailored to the special requirements of a Navy operational setting. Because
those circumstances vary so much from the laboratory setting in which most expert systems have
been developed, experience has been the primary guide for achieving that goal. The knowledge
acquisition methods used in a Navy setting have to be evaluated by their unobtrusiveness, as well
as by their ability to capture knowledge.

Lehner et al. ( 1985) specified four ways in which traditional expert systems differ from
military expert systems. Three of these differences have a direct impact on knowledge
acquisition.

1. The traditional systems addressed problem domains with a well established, well-
documented, and static knowledge base. Military applications tend to involve ill-specified knowl-
edge bases, where human experts differ considerably in their opinions.

2. In traditional systems, it was sufficient to model the system after one good human
expert. In military applications, the system must often merge the expertise Of at number of
human experts with different areas of expertise.

7



3. In the traditional system, the assumed user community was not very diverse. Users
of medical-diagnosis programs were likely to have some type of medical degree.... In many
military applications, on the other hand, the level and type of experience of users will vary
considerably.

These characteristics and others had a substantial influence on the ASPA knowledge
acquisition effort.

BEST EXPERT KNOWLEDGE

Lack of documentation of basic expert knowledge, vocabulary, and fundamental concepts
meant there was little opportunity for the knowledge acquisition team to study the field before
approaching the experts. Documents and manuals were of little help, as can be seen from a team
member's notes: "Textual materials are not organized in task descriptive or task analytic
format.... Materials read like a potpourri of factual knowledge with control knowledge coverage
non-existent." There are no introductory textbooks which teach airstrike planning. Schools
teach aviators to fly, but the basics of the planning are learned through experience and on
cruises. Advanced courses dedicated to refining skills are available, but they assume that
attendees know the fundamentals.

VOCABULARY -

Military vocabulary is highly specialized. A single object or concept may have a variety of
names, nicknames, and acronyms. Members of the expert community themselves have difficulty
keeping up with all of the acronym's meanings, and have their own incomplete dictionaries. Not
only is the aviators' own professional jargon a formidable communication barrier, they are not
comfortable with Al jargon. For instance, aviators and bombardiers were uncomfortahle when
referred to as experts, based on their belief that there are no real "experts" but, rather, there are
those who are well respected and accomplished, based largely on experience.

FINDING EXPERTS

Finding credible experts, and gaining access to them, was a major issue in this setting.
The first problem was to locate those who knew about the airstrike community. The next
problem was to identify the established authorities, their locations, and their reputations.

CREDIBILITY

A guiding assumption of the knowledge acquisition effort was that ASPA's credibility
would ultimately be determined by both the quality of knowledge it contained and the credibility
of the contributing experts. Other military projects have had unfortunate experiences. Their
systems were not used, because they had not taken into account the characteristics of the user
community.

% %



The overall community of naval aviators is relatively small, with only about 5,500
members. Within that community informal lines of communication and individuals' reputations
are important. Finding well-respected experts was, therefore, a primary concern. That concern
was vindicated on occasions when it was pointed out to the ASPA team that we should be wary
of recruiting retired personnel. Although apparently desirable candidates because of their avail-
ability, they might be retired because they were not well thought of in their careers. Active-duty
commanding officers and executive officers stressed that they should be the ones to select the
contributing personnel to ensure their capability.

SPECIALIZATION

The other sense in which identifying credible expertise was important reflected the
nature of the airstrike planning problem. Airstrike planning involves a number of specializa-
tions; no one person can be expert in all of them. A community of expertise was required.
Identifying who would qualify, and where they were physically located, followed.

ACCESS

Although the aviation community is small, the Navy itself is a highly hierarchical
bureaucracy. Obtaining necessary authorizations to gain formal access to the best experts caused
considerable project delays, while the project was sold to officials who were concerned with its
material benefits to the Navy. Operational people were favorably impressed that they were
being enlisted as coparticipants in the system's development.

SETTING

Candidate experts were very willing to cooperate, but their time was not their own. They
were not on the project's payroll and there was no career incentive for dedicating much of their
time. In fact, those whose expertise was most sought after were those whose time was most -

committed.

UNOBTRUSIVENESS

Doing unobtrusive knowledge acquisition required going to where the experts were, and
becoming accustomed to their environment. Experts have their own work to do, which calls for
flexibility on the knowledge acquirer's part. In light of the context, methods which minimally
interfere with daily work and careers are the most efficient. The values associated with the
setting also affected methods. For instance, a highly secret environment sometimes made tape
recording, and ev'en note taking, problematic. It was difficult, for example, to galin access to
some classes.

9 a
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GATHERING KNOWLEDGE

A central issue in developing a systematic knowledge acquisition methodology is to
identify techniques for defining a domain's problem(s) that do not alienate or exhaust experts,
but which do succeed in breaking the problem into parts that are cognitively accessible to the
knowledge acquirer. This involves tailoring methods to conform to people's strengths and short-
comings as accurate reporters. It also entails directing the goals of knowledge acquisition along
the most efficient route to knowledge comprehension. Accumulated knowledge is the basis for
progressively structuring knowledge acquisition methods. Hence, the knowledge acquirer's
learning curve is a central key to efficient knowledge acquisition. The faster the knowledge
acquirer advances along that curve, the faster he is able to structure knowledge acquisition
methods. The structured methods are tools which enable experts to express what they know
more accurately and completely.

A number of different approaches, methods, and techniques were used by the ASPA
team, and are listed below with brief descriptions. Essentially, they are variations on four main
themes: interviews, questionnaires, observation, and document searches. Knowledge sources
included course materials, flow charts, and articles.

" Unstructured interviews. Neither questions nor answers are specified, the knowledge
acquirer records the data.

" Open-ended interviews. Questions are specified, but answers are not; the knowledge
acquirer records the data.

" Short-answer questionnaires. Questions are specified, answers are not; the expert
records the data.

" Forced-answer questionnaires. Questions are specified, answers are specified; the expert
selects.

" Walk-throughs. The task structures the data, which the expert then articulates; the
knowledge acquirer records the data.

* Read-throughs. The document provides the expert cues. The knowledge acquirer asks
questions. The knowledge acquirer records the expert's answers.

* Observation. Varies in the degree to which it is structured by questions. The expert
performs the task and the knowledge acquirer records the data.

INTERVIEWS

A number of characteristics influence the degree to which the interviews should be
structured (i.e., the degree to which the interviewer should be directive), their length, and where
they should take place. There are also standards which are generally accepted conventions in

to
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disciplines where the question of how to interview successfully is a major question. To elaborate
on all of them would result in a different paper. However, in view of their relevance to knowl-
edge acquisition interviewing, they will be highlighted here.

Those who are interested in interviewing have questioned what the interviewee's
motivation is to participate in an interview. It is generally accepted that under conditions of
trust, people find it rewarding to share what they know well; it satisfies altruistic, emotional, and
intellectual interests (Hyman et at., 1954; Rogers, 1959). Trust can be affected by a number of
issues; for instance, whether what is said will be on or off the record, what the information will
be used for, whether the respondent will be judged for what is said, etc. It may take time to
establish the requisite trust.

Listening is another important aspect of good interviewing. An inquiring stance conveys
to the interviewee that what is said is valuable. Debates and interruptions undermine the idea
that one is listening; the evidence is that the interviewer is preoccupied with composing a
response. Studies have shown that repeated interruptions tend to extinguish the interrupted
parties' participation in an exchange; they cease to talk (Natale et al., 1979; Rogers and Jones,
1975; Sacks et al., 1974; Zimmerman and West, 1975). Privacy is central to successful interview-
ing, and interviewer neutrality should be taken on issues that tend to divide groups. Status
differentials should be minimized, who the interviewer is (the objectives of the interview) should
be clear, and the interviewer should know to whom one is speaking.

Knowledge acquisition interviews are in a category by themselves. Often the questioner
does not yet know enough, or is not working with an explicit hypothesis, and is, therefore, ill -
equipped to structure the interview (that is, to anticipate the range of possible answers to the
questions). Furthermore, the expert will often attempt to describe ideas that have never been
explicitly articulated. Knowledge acquirers themselves can help or hinder the expert express
what may be so well known that the expert may not be aware of it. Nondirective interview
techniques which support the expert's conceptual ization process, i.e., interviews, where the
interviewer listens carefully and feeds back what is said, encourage experts to formulate and
express ideas. The nature of the interviewing also affects its optimum length. The concentration
that is required of both parties to the interview is demanding. Most experienced researchers and
clinicians recommend an hour to an hour and one-half per interview. However, this is not always
feasible in a field setting where one has often to go longer to take advantage of expert
availability. In those circumstances, breaks are important. The optimum context is one which
enables the interviewer to control the situation, minimizing interruptions and distractions. For
example, a quiet office where phone calls and visits can be avoided is good.

Unstructured Interviews. In an unstructured interview, often called an exploratory
interview, neither the specific questions nor the range of possible answers is anticipated.
Instead, the answer to one question leads to the next question. In the earliest knowledge acquisi-
tion stage, exploring the domain, there is little alternative to conducting unstructured interviews,
especially when the domain lacks a well documented knowledge base.


